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(54) TU!e of the Invention; A material for a guide wire and 
the method for producing the same 
(57) Abstract: 

{Problem to be Sotvcd] To provitJe s material for a guide 
wire vAersby tiie problems of harmfijiuess, embrittiejnent 
and hot worfeiHg properties in the process of produciioo of 
the raaterial for a guide wire are soived, and tba; is 
ptwvidcd with strength, hardness, kirifc resistance and 
torque ttansfmbtlity as well, and is> provide a nnethotl for 
producing jfte same. 

lSoluti{»»l The material tbr a guide has a composition 
containing by mass S 0,2% C, 0,1 to 2.0% Si, 0.1 to 3.0% 
Utu 30 to 76% Co, iO to 40% Nt, 10 to 30% Cr and 3 to 
20% Mo, atid forther contaiiiing as impuritieB i 0.01% O, £ 
0.02% S mid < 0.03% (itidasive of 0%) Be, with the 
remnant bcisig .substantially Fe- 
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[Scope of Ctai«is3 

iCiatm 1] A nuitoriai tor a guide wire, diatatsten^d i» ihst it has a 
cowposftion cwitaining by mass S 02% C, OA to 2.0% Si, 0,! K> 

3,0% Mfi, 30 to 76% Co, 10 to 40% Ni, iO to 30% Cr s»si 3 to 
20% Mo, SKKi fijrther cesntsining as impurities i 0.0t% O, & 0.02% 
S and < 0.03% (inclusi ve of 0%) Be, with the tcmnam i«mg 

substantia% Fc. 

[Ciaim 2j l^w materiai ,f«f a gttidc vAtc described in Ctaim 1, 
wherein k ftjrther ewitains by mass tess ftan 5% t<«al of one or 
two ormsxi siBtrnglt. A} smi Mb. 

tCfaim 3] the materiaJ for s gaidc wins described in dim I or 2, 
whereia whm tlw gwde wire is woaavf once and released 
outer perifdtetyofa round tisr^vhetetlK ratio D; d of ifee dism^ 
fO) [of 8»e round bar] to «w disattetw (d) of fhe materiai used for 
the guide wire equais 35-^: !, the angle created by the lines of 
boih Sides of the wnding site is 3 50" or ntore. 
(CWm 4] Thtt waterisJ for a guide vwc desefibed in amy one of the 
claims 6m Claim 1 to 3, wWcin %vhcn one ml of tftc tuaieriai 
for a guide wire wtts a length of 1 m is rotated in the area around 
the oentm! axis, flie ottter end, which is ioaded with a toFnae of 
ii.3 mN»m per unit seetionai area (! miti^) of said maerial, 
resfKXids with a log of 25 seconds or less and rtxates, mid morcewer 
the above-mentioned rotation that occurs in response does not 
osciiiae periodically or its period is 20 seconds or iess. 
[ClaiHi S) A med»od for ptoduofag a m^eriaJ for a g»ide wire, 
being the mefood for p»>ductng ^ g»(de wire described in any 
one of the claints fiont Ci^m I to 4, aging «t SOO-IOO "C 
is earned ot^ after coid vmking et a sur&ce redue^on rate of 20% 
or tttofe. 

[Detailed Descsription of the fnventionj 
fOOOi] 

[Technics! Field to Wiidi the Invention Pertiiins] The present 
invention relates to a method for producing a isateriai for i guide 
wire for introdncing a catheter, whidt is a medicai device^ to &e 
ptescaribed toeas SBch as a biood vessel, the heart, digestive saet, 
trachea w some oth« body cavity, 
{0002] 

{Prior Art] When a ca&«er iis introduced » the prescribed locus 
such as a Mood vessel, a guide wire for the jxs^iose of guiding the 
former is introduced to tiw target patt. In order to be able to handle 
Wood vessels, etc,, which branch fflsd wind in e<»nplieated vays, 
the lip part of the gtiide wire must possess sdeiquase flexibility. 
This tlexibflity is ensured by making the tif) of the guide wire *in 
or by connecting a different kind of matwisi to only the end part. 
In sdditSon, sufficient str«igth and hardness are required in order 
that *e lottdon oparated by the surgewi at the msnuai operation 
part in order to control the guide wire is all substantially 
transmitted to rt»e t^ part (torque tKinsfets*i!i!y), and it is 
morewet possible to extrude {the cafoctcr] wthout its budding 
inside ii» blood vesiset, etc. 

[0003] Strength and haniniBSS aie parUctttatty netMJed in the hands 
of the physician operating the g^de vnre. and it is also necessary 
fiat no kinking ftjermanent defon»atio«) occur evea when the 
guide is passed (hroi;^ vwnding blood vcssrf, etc. When such 
kinking occuts, fte rotation is not transferred in the desired state, 
and n»«»ualJy <^>etated rotation ends being a w-hif^ing motion. 
As indicated thm^ ^eag*, hardnes, torque B^embiiity, kink 
reststanoe mi as need teqaites flexibi% are sougltt as d» 
^^laacteristics requited for a material for a guide wire, and in 
particular strength, hardness, torque transftotbiJitK and Idnk 
resistance are *e characteristics sou^t as necessary for the 
ntatedais. 



{00043 Conv«ntionaUy. SUS304 or SUS302 tjjpe («S G4309> 
stainless steel, which is subjected to cold plastic working in wdw 
to raise its sSaengJh greatly (see for cxan^fe Unexamined lapanese 
Patent Appfieation Bulletin No. Hn[1999].299S99, Unexamined 
Ji^Kinese Patent Af^iicatiw Bulletin No H06ri9')4]-063 ISO, ete.X 
or Ni-Ti ttlioy, which is an uStra-elastic alloy fsee for example 
Unexisniined Je^ssnese Patwt App!tc3ii<si Boiletjn No, 2001- 
OOWMi, Unexamined Japane.<M: Patent .Application Bulletin No 
Hi 1 [55'><>j-528363, ctc.X are commonfy employed as the materia! 
for a gUide vtire tor v<,t^ich such charactensiics are sought 
However, wfwn it comes to ."itatntcss steei, there is room for 
iaiprovemeot of strength, hardjiess awj torque tfan.sferahiliq' of die 
advantageous kinds of uonventionai materials, and the kink 
resstance of these ntatarials is inadequate. Althou#) the M-'H 
alioy is st^i^rtor in lank r^istance, it is conspictiousty inforior 
wfeei it c<»nes to stmngS*. Sajdness and to«}ue transferability, 
£0005] 

[Ptofelems Hiat the tnventitm Atteiapts to Solve] order to 
address a« aSxjve-described ptoblenMS, it has been proposed to a 
Co-Ni-Cr-Pe-bascd alloy and Eigtlt^ ((sfademartc of the Elgiioy 
company, hereinafter deviated simply as "E!giioy"X vvteh 
impros'es the kink resistance, stfctigfo and hardness v*ik 
possessing superior toisjue transfeabtlity, be eaipltQfed for the 
guide wire, Speeii^caity, there is a proposal U\ Japanese Patent 
Document No. Hi !il9991'302434 that Sgiloy alloy be employed 
as the shaft material of the guide wire as an fexampfc in which file 
kink resistance is itnprovsd, and thete is a disclosure in. 
Unexamined Japanese Patent .Appiication Buiktin No. H06(1994]- 
63151 of rhc empioyraent of a Co-Ni-Cr-Fe-based alioy wife the 
same composition as Elgiloy slfoy as the material of a guide wre 
as an enample in vv'hieh the stten^ and hardness aie itttptoved. 
[0006] Although the aisove-described Co-Ni-Cr-Fe-based alloy and 
Etgiloy alloy disclosed in Japanese Patent Documw* No. 
H11C1999j'502434 and Unexamined lapanese Pa«i»it As^Ucation 
Bulletin No. TOfifl W]-63151 are advantageous in tetros of ^sir 
strength, hardness, toiqtie transferability and kink tesistance, S»is 
Elgjloy siioy and Co-Ni-Cr-Fe-based al% contafia a smal! amount 
<rf Be, \*feh is a hanu&i element, so there are conoenis about fiie 
potential fi»r an adverse effect m the human body during 
{KOduction of lite ntatedai for a guide wite, Tttere is a potentis! for 
the ptMaa of Be to becwne a probfeiH in terms of praeticai 
appiicati<» of a gtade vrire eotnposed of the Hgitoy alloy or a Co- 
Ni-Cr-Fe-based 5}oy that is simitar to ii. 
{OOOTJ In addition, since no Si has been added to these alloys, the 
deoxtdation is inadecjuate, and a large amount of O remains and &k 
inaieria! for a guide wire becomes brittle, and there are coiKcntS 
that ii wtl break during coid wwfc.i.ng or duritjg use. Moreover, in 
the case of the Elg.iioy allov and Co-Hi-Cr-Fe-based alloy 
disclosed in Japanese Patent iiocumem No. Hl![1999]-502434 
and Unexamined japaaese Patent Appiicaiiim Bulletin No, 
H06[1994]^ 151, the amount of S, which is an imputity eiemenf, 
has not been taken into account, and there arc the problems diat the 
cold working pnaperties aw poor due to the S content, and cracking 
is cau«id during hot working, \vhich is a necessary process during 
ptoductiai. The purpose of the present invention is to provide a 
matoftat for a guide wire wtereby the problems of hanafUlness, 
embriWanent and hot working properties in the process of 
production of the materia! for a guide wire are solved, W'hile it 
matntatBS foe supwior strength, hantaffiss, torque ttansfefsbility and 
kii*; resistance possessed by the Eigiloy alloy and Co-Ni-Ci^Fe- 
based siloy foat have been employed to dat«^ and to provide a 
method for jjioducing foe same. 
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{0008] 

[Meaais f«r Solving the ProWwns] 11» fsfscnt inven&Mrs, et af 
examined the pfoblems of U» hami&lness. cm&nttlcmcnt and hot 
working pronerues in the process of ppxiuctiw ol flic raatena! Sar 
s guide wre and the Ksutt vm that ihey discwercd that i» is 
posst&ie to imf»ftve the hsrttj&lness, embntticmem and hat 
■working propcaies diini^e ihc production thereof b> adding the 
j^soime mintmum amount of St. and restricting the amount of O 
(Old S, whieh are impurfUes. to a miratnum, and moreover not 
atiding (0%) Be jiad confroiitng ti to the anpunty level, and 
thftpsby amved at the present tnventton. 

(<W)] In other words, the present invcntitm is s inateri<U for a 
guide v.ire characfcri/ed m that tt has a oomposition contaamng by 
mas'. t> 0 2"o C 0 Ito 2 1) 4 Si, 0 Mo 3 0% Mn 30 to 76% Co 10 
to 40% N'l '0 to 30% Cf and Uo 20»4 Mo, <sad further wufltdmmg 
as impurities S 0 0! % O, :S 0 02"', S iuid 0 { mc' i<!n e of 
Be, wifi the remnant beiig iUbslariHjlK ' f 5^v;<ifii"" ' ! s ^ 
material for a guce wre that furUis.' >.<j^< 'if '^^ t-ss l^^. t,jar n"' 
iota! of one or two or more among 1 1, Ai zm No 
fOOlO) In acWiiiotL (jTs jircser.t invention is a materai for a gmdt 
wwe wherem when the guide wrc is wound onos and retcsMid 
aiong the outer pcriphei> of a routid bar w^iere the ra»o D d of the 
dismetw (D) [of the routJd bar] to the diartseter {d) of the material 
wsed for the guide mra equals 2i-80 1, the angle created by the 
lines of both sides of the wwding site is. ISO" or more, aid si a 
matenal for a guide wre v>'>erem vmen one ecd of the mctto'.<»S fc 
a gtude wire vnth a iength of i m ts rotated m the area aruund tnc 
ventra! axis, the other end, which is ioaded with a tonjue of H 3 
mN»ir per unit seetionai area 1 1 mm') of ssid material, responds 
wth s lag of 2% seconds or lew ard rotates, and motewer the 
above-mentioned rotattotj ^at occurs m response does not osct!lat« 
peritslicaily or its period is 20 seconds or less. 
{00 ! ! ] in adcition, the present uin enttoj^ is a method ftjr (xodaetng 
a tnatenai fc«r a guide wire, bemg fte method for producing tiie 
guide vfiK vtnerem agmg at ^00-7a) "0 is carried out sfiarcoW 
wiJttaf g at a suriace reduction ra*-c ot 20% or more 
f0012} 

[Mode of Embodiment of the Invention] described above, the 
important characteristic ot the present invention is ihsi tJie 
hannfUiness, embnttlemeni and hot wrkmg properties ^e 
unproved dtintjg the pnoduction of the maierisa tor a guide wire bv 
adding the ^solute mmtmum amount of Si, and restricting the 
amotmt of O and S, v*ich »c tnspurtties, to a mimmum, and 
moreover not adding {0%) Be and conitoliiag it to the imputtty 
levef. ^^^ll!c the supenor streng*, hardness, toniise tiatsfiaraJHiity 
and kink resistance possessed by tSw Htgtitiy aBoy mid Co-Ni-Cr- 
Fe-based altov that have been enaploywi to date are ntatntatned. A 
description is orovided below about d» action of ea* eieBient. 
{001 3} C not only forms a solid solutiott >» ttie base a«d carries out 
solid sc^ute j(tr«tigtiiesmie of the base, but aiao beads wtUt Cr, etc. 
to fcHm a c^bonate, and dns has the effects of ratang iS» elastic 
limit and pievottwg gtam coarsening. However. w*en it is added 
to excess, this increases tne vwi hardening of ttie base, and 
moreover causes s decline m the cold wari-ing properties due to 
formation of a large ^uunt of tarbonsie^ <ind in addition results m 
a lack of Cr in «ie bisse and thereby tows the corrosion 
tesistanee. ITtereforc. C is limited to 0.2% ot less. Prcferabfy it is 
0.15% or less. In addttm to the fact Siat Si exhibits powerfit! 
deoxtdtwng action tovwsKJs tttolien metal, it has Use acttoi of 



improfviflg the cas&ng properties, so the addition of Si ts required 
m the present mvemiea However, vrfi«i «ie iunount of St is less 
than 0.1%, the O content Micreases, and a large amoujit of O 
remains and this causes the raatn-nn' fiir g«u^^■ vviip t.i h<Nxnw 
bnttfc. On the ottKsr hand, vSien m excess ot 2.0% is added, the 
cold viwkittg pK^ierttes decline, so the amount of Si is set at 0. 1 to 
2 0%, and preferably the content of S( is in a tdngc of <> 1 vO i 0% 
[00l4j In addition to the feet iha! Mr CKhihiti she ^dme 
deoxtdation action as Si, it hM the ijction of impMvmg tasting 
properties, bdt vvhen an ev:es^ smo int is aoded this b'ook\ 'he 
procipitat'on ot 'he eCo phase and tho' it is supulated Thjt Mr ii 
set a* 0 i w 3 0% m o'der to onrg 4,bijut a decime m the s'rengih 
and bardne>A Freferab'y it « iii a range of I 0 to 2 5% (\i i^ the 
elemtnt that serves es tiie i>aiC of ihe prevent ailo\, and ,1 is 
tra.iiiror.ned frojn the aCo ph^se lO tho ft o pha% bv colfi wurii iitj 
and agmg, and moreover .t trinreover precipitaies 4n mtemctaltic 
compound and improvci the sresiseih, hardness <«.id ttsrque 
transferabiiitv bv sgmg Wren the amount of Co is ic*s uwn 30° o 
there are no eSeccs, viihercas ihere k no etTect of fijrther 
improvement in die strength even it it ts added m excess of 76i%, 
io * ^ sipuimed tnai Co is <;« at M> m 7(S% Preferabiy it ts m a 
range of 35 to 45%, 

{Xilij Ni IS m clement ihis causes softening to a Hardness at 
aiiich cold vwkmg ci" ix; <ionc hv whiiion treatment, and th» 
bonds with fi and/or Al m aging to precipitate a y' phase, and 
therrt)% contributes to t*ie hsrdneiS When the amou.il of Ni is ies* 
tJian if)%- there ate few effects, wlieteas when it is attoisi m excess 
of M>% it blocks the ttansfotrosuon to ftie eCo phase required for 
!);o\ ^g the strength, hsrdnciS and tori}ue fransferabihtv lO tl is 
s'ip X i e«-'''thist tfie amount of N added is, W to iC'><! P,er<s^btv it n 
ir ^ Tl niji" o» 1') til 20' 1 ( r !<; a ^ etemcit fJ^ai torms ctubonates and 
ta t X « ia^'jt It- It ml m addmon "re^ipiUies in the base, and 
m» torn-iMO! res s,an^; tl ,!t s rctji. red .\htn it is inserted m 
vjvo iii^i o^vn^^ u> 'his ^tJit.o.i ot If o ot iiora ihereof IS 
letjutred Howver, w*icn it is added m tx[.ci.s ot 30%, the cold 
woricing propftties dectioe, so me amooni oi O is set at !0 lo 
30%. Piefoably it is in a range of! 5 to 25%, 
[0016) Mo (s an etetncnt that not only forms a soiid solution in the 
base, and improyes the strength and comxium resistance, but also 
partially iHvcipttates an tntemietaUic compound by aging and 
Uteteby improves ^ strei^tb, hardness and tot«!ue usttsfbrabiltty. 
When the amount of Mo added is less than 3%, adequate e^ts 
ate ti« abtatn whereas vihea it is added m excess of 30% this 
causes a decline m tSw workup jw^iemes, so the amount of Mo 
added « set at 3 to 20% PtefetaHy it tarn aratige of 5 to 15% Fe 
is an eiement that causes a decline in coJd %<orkiRg properties hke 
Ni. and it be«o«nes remnant of each elemmt stipulated i^' the 
jycsent ttsveation, Hovwver. when it eamm m excess of Fe^ it 
causes a decline s» die ^i«ngth, hardness and torque 
tras^^abili^, sudi as bloeking the transfottnation to the sCo 
phases so the prefenwd upper limit of Fe is 4t>%, and still more 
pi«fe«*ly it IS 20% or less. 

[0017] A descriptioi. is provided next cfthe impurity elfsnentii ihcit 
should be hmitcd m tiie present invention first ot a.l w li ar 
impunty element that is unawtdaWy mixed mta the materials 
dunng casune Owing to mi, it 's r"ece'K.ai\ to reduce the amount 
tis'cof iif '?.ai.h di possible b> cfin,ix>und addition of Si and Mt 
w>- i^vc <i dc*.-xidd£i"n efect Wher the amount tif {> is greater 
than 00J°o, a large anoi.jii ot inc'usiun of a oxide sy-stem is 
formed, and fh«« t!» a possibihiv uut .t vi^iil break during cold 
work or dtuing use, so «t ts set at 0.01% or less. 
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Preterdblv ii is 'n a rcnge O00'i''o or less S an impuritv 
elettim tha imvtjicJjblj tni\es ntu the material dunng cisting, 
and IS. ail i."emetit thai crises a decline in the hot working 
proreniei it t.cce^'sao t<3 reduced 35 much as ptwsibf* the 
anwunt S t". M:!ci.»iof o* a ra«. material vnth a io* S content, 
vrfcuiifn decomposit'oi, stag dcivilphiinsation, etc When the 
amount af S is greater tnar 0 the hot warfcmg properties 
dec!ir.e GreatK 'Jie atnoimt of S is set at 0 02% or tess. 
f^fefetablv it is 0.0 i% or iess. 

[00 i 8} Be IS -in clement t."at mcreiisCi the touj^rcssi bv agmg si«J 
prceipitiJtior a,id sime there is the poss.bii'tv that (t will become 
harmtul dufifj; Ehc p;c(iwtion nt the m^ena' 'or a ^ s\"; n i 
necessarv to ^oniroi lE to 'he ufwJdcd ie\e ^ , _ a 

the atroutt ot Be: s ict Jt !le tJiiddcd t. - '^). - o 
adverse eftece t>n the hardicis, ifi-ength, \>nk "-esiiUtM;, i^irq^e 
transfer^iitQ' or other chnracteristics reqaired for the rtiatenal i<x 
a giade wife m tite ease of tite inventive aifoy. in order to rfiannate 
8>e harmfuinm of Be daring production, tt « necesstay to testnct 
the aamm ctMfBmed to an absolute raaximum of iess than 0.03%. 
More pnef^bte is s levd «if 0.01% or less 
[0019} A descnptiiin is provided next about th« sciecuw elements 
stipirfated H» *e pnsstn tavennon Smce Ti, Ai and I* sre 
etoents ftat hand with Ni dunng agmg and eatise fte 
p««apitBt(«i of fte y' or y" phase oi Ni3(Ti, Af, Nb), and Jfc«ef»y 
improve the strength, hardness and ton)ue tmnsiforabtlt^, dJese are 
added as need rtqutres. However, when they are added to exam, 
tbts eatises a decittie m the wrktng propeities, so the amount of 
Ti, Ai and Nb added »s !e» than 5% totaJ fcr one fcwd w two or 
mote ktnds thweof. In tJw present ift¥enti<«t, *ere are bo parttcular 
stipuiattons as coneetfts the mpurtty etemetus Hat m utKvtHdably 
contained than to etmtents that have been descnbed, bm the 
following elements m^ be ctMS^amed in the mvettuve matcriaS 
vw&ift fte Mowing tange by mass %. P s 0.04%. Cus 0.30%, V 
« 0.5%, Ta S 0.5%, Cs & 0.02%, Mg i O.SW, N i B S 
0.01%. 

{{XKOj Next, it IS possible to sattsiy the foilowtng properties for ^ 
above-desenlMKl mventive titistenal for a guide NStr« Dy osmbming 
it W8b aa optimal producttoti method. In order to prevent the 
occurrence of ktnkmg vvhen it passes through the ^■>i<it of a 
vwndtng blood vessel, as showti in Figure ! a lourd bar (2^ wth 
diameter {D) as\d a matcridi for a guide N^ire ( 1 ) wiiSt diameter (d } 
dfe pj-epared so that the rstjo of D d eijiiali rs-8(.i i, and ti 
important vrtien &itt matenai for a guide %sirc f j) is wotiiid once 
tiround the round bar (2) at 37 "C ana rcicased, the angie created 
hy the I n*4 on both Mdes or the wjidmg site is l>0'> or more, arid 
this serves ai <J <es md&K tor knowing ^^tlether or not superior ktrfc 
re-iitatice na.'. been obtsiiied Here, the teason v>^.> d« tatio of the 
round bar diameter (D1 and the diameter (q1 ofttw materia! lor Ae 
guide v,irir li, set 4t 25-80 i ib thst s blood vessel {h<(i ».nds imidc 
the human body is envisaged, and th« most stringent conditions 
ha\c been set Tha^ d,siummg that die Migle created hy (he itnes 
Ofl both side of the wndinj> iite li i^Ci" tjf more \vhcn material tor 
a guide vwre (1 ) !■> vt»uid unve and released, ittan be jtidged to be 
an item vtt«.>sc kmk resistance is yjperux 
[0021i in adiition, nir^t s^lvcn thi imentive tnatertal fof a gmde 
wire li, empf <>ed A', a gu.de wre it efl'er> i ^ww wttere torque is 
toaded Juc ti> the resistance ot die b'ood In rtdiit^ <.vhi!e there ii> 
resistance b> the Ni.Dd<b'<j<jvlf1(w-) ' f! 'e j hi tne tip part, 
it)' whicfi the i-ota+io».^ "nparted with etic fidndncld part of the 
guide wre bv the phvsician are several tens of cm to 
appKBttmstdy \ m, rotates is short, and moreover either ii» guide 
wire ttsdf does not oscillate pertodtcaiiy due to the totattim, or if 



ihe pf'.od .s 20 sa-OT'ds or less even whwi it dse, the ease ot 
opwatioj. uie guide wire itie f vM\ decline marlcedh Oviir^ to 
this, te-^istance of biovxi {Wood flow) k envisaged ^ic in a state m 
which torqtie of Jl 3 mN«m per ^nit section <irea fl mm'^ of the 
material for s gatde wire ts loaded on (he c<ttier eiid at 37 "C, the 
transfbr of the tot^on m rtte ares around the centra! axis at fee 
first end, vhich serves as the handheld part ii the matsr.aJ for a 
giiide wire wtth a length of 5 m, to the other eid \s^* a tag ot a 
response ttme of 25 seconds or less, is wo^t tor the ro-tetwl tor a 
guide wtps. If the condittotis are met thist when the one end of uie 
matenai for a guide wire sshose iength is here stipuktcd a' 1 m is 
'of^'ed m the area around tiie cet>ttdi a\,i,, the other cod, wfjjch is 
ioaded uiih s to^tjue of 11 3 !nN»m per unit section area (1 iiW) 
of ve '-awrtal for a guide wre, ie>pofids ?nd rotates with d tag ot 
sitt^ n seconds, isnd moreovef the rotdtwn that occurs liuc to the 
i\-><.i'!! eT owed response ei'her does not osciiiate penodicads iv 
ihc pcnoa ilieniot is 20 seconds or less, then it can !>e judged that 
good tinquc transtetahitnv fmbeen obiained 
\0T7, •Hie tespoj-se time as ised K'te >nesifls the time iftfr th<- 
time to fhe euem fhst the iw<«tKMi lias started hi^s e["psed as shou-n 
m the left figure m 1-igure 2, until the rotsfion of the hv^idlwld psii 
ts trsatsmitted to the tip pan (ofix-r end}, ml partis u.iuty in uk 
event ttiat dtere are osciiisiions in the rotation ot the up part, it is 
ppeffetabfe to search for tJie response ttme at the inflection point of 
the carw ^lowjBg the lotaion of the tip pert In Ihe event Utat 
there are osetiia&ons tn the rotation of the ttp part, (he ttme 6om 
the same phase untti fiie same phase may basteaJty be sought bj for 
example a meUiod hke seaniitt^ for the ttme of the mflect<afl 
point 3 pomt part, as showm m a» tt^ figure in Figure 2. 
[0023] A d^iptton ts oatt provided of the me^ of pajdutttiott 
m the ptesent mvwtion Cold wort«mg and agmg ate processes 
Hsqutted m order to Mnpfoy tJie mveni-ve material for a gusde wire 
as a gtMtJe wre, and after the chemical composition stipulated by 
the preswit (nvtfotion is satisfied, it is not pos-sible to satisiy 
stmtiltatteotsl^ the stf«t@3t, hardness, torque uunsterability atud 
kiitk icsistmce unless cold wotietng and agmg m applied. By 
aj^iying cold working and agmg, & poti^on of the otCo phase is 
tiansfofmed into the sCo pfease, and moreover an mtetmetaiiic 
compound and carbonate a»e precipitated dunng fte flging, aitd 
owing to this stPKigth, hatdness and torque trsttisfeabiiity are 
ttffltfcedty impjoved fa the event Sat the swrfecc leductiott rate 
dtmng cold wotfcmg » less than 20% and in the event thai the 
aging temperiEttne is less tfeatt 300 "C or exceeds 700 "C, the 
tfanaannatfaB into «tc aCo pJiase is madequote, and m addttton it 
is not possible to t^m adequately an improvement in the 
strengtti, hardness and torqtie ttansfet^tlity by precqiit^on at thts 
agh^ tanpwature. Hie sCo jAase ends decomposing 
particutatly at temperattawa exceeding TOO "C, Thacfore, the 
surikie reduction rate mecdd wotfcmg is set at 20% or higher, ami 
the aging teaiperattne ^owsg on itol is set at 300 to 700 X. 
•nte preferred surfece reduettoti rate &r eold working is 40% and 
higher, and tfic preferred agmg tcn>pefa*ure is 4S0 to 600 "C 
(00243 In addition the kmk rcsistans-e -s improved bv appl\,.is 
agmg wthin the temperature range m the prcsei,! inveiiion The 
strain imparted m coid \s<oticw!S bv agmg recovers, and is reduced, 
for cicample, strain itj the tensile direction is imparted in cold 
woriting ."Rich as drawing, and that strain is reduced by the 
subsequent aging. \\'hen the strain m the lensife direction lingets, 
compressive stres.'i ts applied to tiic uiside of fite matenai when ^ 
matenai for a guide wi«: is bent, , . . 
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- SO tfse phenoBjenon (t vieWs at a low strain afntiunt due to 
iKif B<iuswwigef eifccf occurs Ofting to this, eve» if it i!> bent wih 
3 iitrgc curv'iture, it detorms pisjittcativ with esse, and the ktttk 
resistance d«ctwes. ITierefore^ agmg (S a necessary process for 
improv)jig the knA resistance, and moreover it does not twover 
even if the ag(ng temperature is too low »«J tenstie stisin bngeis, 
so in th(s sense as it is necessary for the Sgmg wmpfifatffloe to 
be 300 '<: Of higher. 
£0025} 

[Hixtbodiments} A mare <!cta(i«d descnptjoit ot the present 
mvention (S provKied bctaw with emtuxiiments. A iO kg mssui of 
the materjai fix- a guide wire ^s-sa decomposed b\ \'acuum 
deeomposstioo, and this mgot was cast mto s toibkJ Uhi wtUi a 
dismetar of )0 miB. Ader solution treiitmeRt -ms applied by mr 



Lf^f'ig lit Uy«> to i;;00 °C X l hfw to the csit rouna bar 
,a ig .<\i loluion treatment \s<ere repeat*-d to g?aduatl\ make 
ie .jiir-ewf thinner, jnd a maiena' jn a v'ijuon ircaunent state 
w ^ i 'jiB're'eT cit 0 48 mm prior to tht fina Jruwjng was 
p'tT-'jo \ ^\ 'jriiftx t i.0 20 m labte ! are the inventive 
tTw, r _ v= 0 i.' numher^ 2 i to aie the eompamtive 
mpv^d 1 e ^<r ^o.i t.u it! the present ^i\ej.tu>n is the imadded 
ieveJ Amcn% the (,(MrpdrsiU\e .naienai^ fa. lii ^iov nmrbefi 26 
and 28 are the Elgtloy alloy and Co-NVCr-Fe-based alloy niKsm m 
iapanese Patait Docmmt No. HU{I9993-502434 and 
Unexamined Japansese Patent Aj^hcatioi Bolletai No H06t 19945- 
631S!. 
[0026] 
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No. 


Hot woridng pn^wmes 
(prescfice or abs^iee of cracks) 


Coid warktt^ fNX^>eittcs 
(ptesejice or absence of 




i 


.. 




^ 


1 





^ 


:L_._ 











^ 


5 


Good 


Good 


§ 


.^iSS;! 


1 


1 














9 


Good 


Good 


10 






U 


0^ 


Ooo<J 


!2 


Good 


Good 


n 


Good 


Gooii 


u 






15 


Qood 


Good 


16 


Good 


Good 


17 


Good 


Good 


!8 


Good 


Gniid 


!9 


Good . 


Good 


20 


Good 


Good 


2J 


Good 


Good 


22 


Good 


Breakage (dm'tng not 
possible) 


23 


Good 




24 


Good 




25 


Good 


Breakage (drawng fsoi 
possible) 


26 


Good 


Breakage (drawing not 
possible) 


2? 


Good 


Breakage icirAwing not 
possible) 


2S 


Crsclcs (hot vwrkingnot 
possible) 





{003.9] The inventive aiioys numbers ! to 20 exhibited good hot 
working properties and coid working properties. "Hie amowt of N'i 
in comparative alloy number 23 v.-as less than 10%. so it was no! 
softened adequmeiy by soiutior? treatment and therefore breakage 
occurred during drassmg. Since the amount of Mo in comparative 
alloy number 25 greater fiisai 20%, the v.«rk propt-itit-s 
deciined, and the cold working prc^terties in partic^ilar wwe wot, 
so breatoige occurred durijig drawing, fn ttie case of aKoy ;!:.j'niw; 
26, which vms ^o\m in Japanese Patent Document No, 
Hiin<»9]>5024J4 and Unexamined Japanese Patent Application 
Bulletin No H06n9^>4H3151, fi>e amount of Si tov.w than 
0, 1%, and O was contained in excess of 0.01%. so a large amount 
of oxides v)«re ^nnned, and bteaikage occuncd durit^ diswiitg. 
Since (he amotjnt of Si in cotapwstive slioy number 27 vm greater 



thiui 2%, the cold working properties were poor, so breaJiage 
occurred during drawitig In tJ.ic case of alioy fiumber 28, which 
was shov.Ti in J^ancsc Patwit Document No H! Ii:t9SSj-SQ2434 
and Unexamined Japanese Patent Application Bulletin No. 
irjePi 99i]-*3 1 S 1 , the amoiiiil of S w^ greater than 0.02%, so the 
hot ^,s<n^clng pro5.icftfes were poor, and cracking occurred during 

!(X;.>Oi Witi-, respect to the materials shown in Tabie !, aiier the 
final drawing of 60% respectively for each, a sampie with a 
diameter of 0.3 mm vm prepared by ^ying and tiiis wss 
suRjfied &r the respective tests for each one, A lenstie (est was 
condticted as the evaluation of the s6«nedi, mi Hk tensile strength 
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... a betwj tcsi was ii(OJ(Sarly conAjtted wth a sampte y,i6i a 
dsametef of 0.3 mm, and Young's modulus was measured. If <he 
tensile stf««gt!i is i .800 MPa or above, «ie streogth is good, and if 
Youpg's modulus 's J 80 GP4 dntl ^bovc, the hardness is good 
{(.XHi) I king sampfcs m*t were prepared stm'lar!>, a lest of the 
kmlf resi.statice was ccuKJucted, As ^iown m me left side iiguro m 
Figure 1, \*cp a samp.e (!) \wth ^ dsameter (d) of 0 3 mm was 
\Wund once on a round bar <2) with a diameter (D) of i 5 mm at 37 
°C, and It was tlwn fcJcaica <& show m (he right side oi t^o 
Hgtire, if the sngle creitcJ by the hnei ot both sides of ine wa 
■S'te (ifte resfdiwi angle) i 150" or more, the fcmk feststatv;e is 
good. Here the ratso of *e remnd bar diswew » 8» djametw of 
m aienal tor a gmde wire (sample) is set ^ SO; 1. 
f0032] Usmg sssmpie."! that were p»fafH stauiarty, a test (»f the 
tortjue trajssferafMhty v*sw conducwd. In a sSate m -ss^iich a sampte 
wth a di<iin<-ter of 0 3 mm aid a lengit of } ni was stjsqiended {37 



"C), when one end <the handheld part) ms rotated, the u me 
required utiti! the other end. Kj wh«* torque of ! L3 mN»m per 
unn stfttmti area O mtr') (\.titq\ e of apf^'o imawlv <i f> raN»M «i 
ihe r-crf;r* iarrc'e w^''^ Jn>^eier ^ mm, resckj^ded ^vas 
n-easji'e'.;, ars; L"c ex. '.o \ a s.> s ted in the event that liw 
rota'^or tr^i !>;<...jTi;v. v. x < v. o>c(!)^tf-i penodfcallv 
If It rotates wth this re,cv«i<.e t -e -ws <i lag <•! 25 setOTds o' 
iess, and moreover eiiiier mt rotation mat oosurs due to this 
respoivstdoes not owiUate pefjodicaih or the perioU thereof is 20 
secotjds or less, the tongue tfaj«ferabuitv is good. TMe 3 mom 
these nsiAis by summarizing them tor inventive alloy nutttbets i 
a»d 17 and cotHparattve aUoy tiutntsers 21, 23, 24 and 26. 
[0033] 
{TabieJl 
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[0034] In alfoy nutnbefs 1 and 17, which vxrt jM-odueed by the 
inventive production method ^vjth the inventive aiioys, the 
stren^ hardness, kink reaisiance and torque ttsnsfetafoility ate 
good. In the case of atioy number 26, wtieh was shown in 
Japanese Patent Document No, Hi !ji9<)93.5«2434 srd 
UHewJtnined Japanese Patent Applisatioti Buileiin No. H06E1994)- 
63155, brestege occurred during drawing, btit file test was 
cotxducted by sdecttvely samptittg the portion whet* the 
oecujretwe of breakage was mmx. The results were that the 
atrettgth. hardness, tank resistance and torque ttaaafetetbtitty we 
equivatent to or b^ter than &«asc of i^oy ritsttber 36, In the case of 
number 57 in particular, by adding Ti, the stosigttt, hardness and 
totque tnsnsferability were improved. In this ma-mer, white 
inventive alloy numbers 1 and i? maintained superior strengdi, 
hardness, kirik tesistsawe and torque ttaosfer^iiity, &e 
haimfttbiess, embfit»5«»ent md hot vw>rktng properties during 
prciductiott were tmproved. &t the cases cf cmipaisiive alloy 
atwibtsfs 21, 23 and 34 fespeetivtSy. S» amoattt of Co added was 
insBiSReient, the amount of Ni added excessive and the amount 



of Mo added was ttisufReient, iio the sttetigih, hardn^ and torque 

tiwsfetsbility destined matfcediy. 

[0035] 

tEffiecfs of the I»ve«tio«j Accwiit^to *e present mvemion. it is 
possible to improvv vastly the harnt&iness, cmbrittleRieRt and hot 
vwtking propHties in the pnKcss of produetiOR of the maitenat for 
A guide wire are solved while stiil piwiding strengtii, hatdflcss, 
icink resistance and toujue trwtsfeabiity as wt!, and this is a 
techBique to is indispensable for {»%ctical appitcaiic»i of guide 
we$. 

[Brief Dcsctiption of the .Fignfes| 

[Figure t] This is aji expfstntaoty figure showng the k\ik 
resistance test tnedtod 

[Figure 2] This i* an exptBrtataiy ftgiite sJtowng iJie tongue 
transferabiiity test data. 
[Ejqiianation of the Key} 
I . Mstetwl for a guide wue 
3. Round bar 
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{72) bsmOfx: Toshihtro UEHy«lA 

Htbttht Research Laboistoty, HiEu^i Metais 
KK 

2107-2 Yasugt-cho, Vasagi-sbi, Shimane- 
ksn 

(12) Invcattor. Shun'ichi 0CHINO 
Tewmo KK 

150 Maimaigj-clio, Fujiaomiya -shi, 
Siiimikarkm 

4C167 AA28 FF03 G623 HH03 HH04 
41(043 Ma2 A801 AS03 AB04 A809 

mn ms abi6 ABt9 A&21 

AS24 AB2S A626 A827 
A829 BS01 FA03 
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